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POLYMER COMPOSITIONS FOR DUAL OR MULTI STAGED CURING 

FIELD OF INVENTION 

The present invention relates to polymer compositions for use in surface 
coating such as in antifouling and antibacterial applications, as adhesives, 

5 sealants, as binders in inks and in lamination processes and in forming porous 
polymer constructs The polymers are capable of curing on demand in two or 
more stages which are of the same or different character, and which are carried 
out simultaneously, in tandem or step wise. The compositions may be degradable 
or stable. During the first stage of curing the polymer may be foamed to construct 

10 the porous structure with desired pore morphologies and mechanical properties 
BACKGROUND 

The nature and chemistry of synthetic polymers used in surface coating, in 
adhesive, in sealant and in printing applications varies depending on the 
application. In general they need to have the advantage over other materials of 
15 being able to be tailored as far as their mechanical properties are concerned to 
the application at hand. Such polymers can also be tailored to contain various 
functionalities allowing them to integrate into the environment in which they are to 
be placed. 

A vast majority of biodegradable polymers studied belong to the polyester 
20 family. Among these poly(a-hydroxy acids) such as poly(glycolic acid), poly(lactic 
acid) and a range of their copolymers have historically comprised the bulk of 
published material on biodegradable polyesters and have a long history of use as 
synthetic biodegradable materials in a number of applications. Among these 
applications, poly(glycolic acid), poly(lactic acid) and their copolymers, poly(p- 
25 dioxanone), and copolymers of trimethylene carbonate and glycolide have been 
the most widely used. 

Almost all of these polymers, both biodegradable and biostable, are pre 
manufactured or pre-cured and moulded, prior to application. In a minority of 
cases two or many different reactive species are mixed together immediately prior 
30 to application, so that the user has a specified window of time before the polymer 
begins to set or cure and becomes unworkable. 
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Polymer compositions that can cure by multiple curing methods and steps 
which are designed for applications such as surface coatings and adhesives are 
reported in the literature. The technique is widely used in surface coating and in 
adhesive formulations. In almost all cases, thermal and radiation (UV or other 

5 sources of radiation) have been the most widely used curing methods. Typically 
the coating compositions consist of a mixture of compounds with appropriate 
functional groups that can react by thermal or radiation initiated free radical 
mechanisms. One example is described in US application 2003083397 which 
discloses dual cure coating compositions containing a polyester, acrylated 

10 aliphatic urethane oligomer, polyester tackifier processing additive, pigment, 
catalyst, photoinitiator and a triisocyanate. Such mixtures provide good surface 
coatings but are unnecessarily complex and are not easily manipulated. 

Other compositions described in the literature suffer issues with their 
durability, and their rheology during application. Polyisocyanate based 

15 compositions are known as being insufficiently viscous at the high temperatures 
required for curing. 

It is one object of this invention to provide multifunctional polymer 
compositions for use at least in surface coating applications, the curing process of 
which may be controlled to allow ease of application, and the design of which 

20 may be adjusted to suit the specific application. The polymers are desirably 
capable of incorporating components such as pigment which maybe an adjunct in 
the application selected. 

It is another object of this invention to provide multifunctional polymer 
compositions for use in the fabrication of rigid foams, particularly those with load 

25 bearing capacity. The multi-stage curing feature of the compositions in this 
invention allows one to use the first stage curing to build the foam/construct with 
desired pore density/size etc while the polymer composition is in a mouldable 
state and carry out subsequent curing steps to achieve full cure and the high 
strength. 

30 SUMMARY OF INVENTION 

To this end there is provided a poiymer composition for use at least in 
surface coating and adhesive applications and in fabrication of rigid foams with 
load bearing capacity comprising a base molecule, a linker molecule and at least 
one initiator compound, said base jnoiscule having at least two differing 
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functionalities, and said linker molecule having a functionality reactive with at 
least one of said functionalities of said base molecule, the first of said at least two 
functionalities of said base molecule enabling a first curing stage of said polymer 
composition by reaction with the functionality of said linker molecule, and the 

5 second and any further functionality of said base molecule enabling second and 
optionally further curing stages of said polymer composition, said first, second 
and any further curing stages being capable of activation simultaneously or 
independently of each other as required. 

This invention also provides a prepolymer composition for use at least in 

10 surface coating and adhesive applications and in the fabrication of rigid foams 
with load bearing capacity comprising the reaction product of a base molecule, a 
linker molecule and at least one initiator compound, said base molecule having at 
least two differing functionalities, and said linker molecule having a functionality 
reactive with at least one of said functionalities of said base molecule, said 

15 reaction product being the result of a first curing stage wherein the first of said at 
least two functionalities of said base molecule reacts with the functionality of said 
linker molecule to form said prepolymer composition. 

Preferably the prepolymer composition is flowable and injectable. 
Throughout this specification the term "prepolymer" will be used to mean 

20 the polymer composition which is formed in a first stage of curing by combination 
of a base molecule and a linker molecule but which is yet to be further cured in a 
second or further curing stage. 

This invention also provides a cured polymeric end product for use at least 
in surface coating and adhesive applications and in the fabrication of rigid foams 

25 with load bearing capacity comprising the reaction product of a base molecule, a 
linker molecule and at least one initiator compound, said base molecule having at 
least two differing functionalities, and said linker molecule having a functionality 
reactive with at least one of said functionalities of said base molecule, said end 
product being the result of a first curing stage wherein the first of said at least two 

30 functionalities of said base molecule reacts with the functionality of said linker 
molecule and a second curing stage and optionally further curing stages wherein 
said initiator compound is activated to affect free radical polymerisation of at least 
said second functionality of said base molecule. 
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It has been found that the compositions according to the invention are 
particularly useful in applications where two or more independent and non- 
interfering curing methods are desired. The first mode of curing might for example 
be used to increase the viscosity of the composition such that the material could 

5 be shaped or moulded to desired shapes and forms, and the second mode of 
curing might be used to fix the final shape. The compositions according to the 
invention may also be engineered to cure in the presence of selective functional 
groups, causing strong covalent bonding to the substrate, or cured to a hard, 
space filling material by cross linking either simultaneously and/or in tandem 

10 and/or step wise as required. The polymers have the option of being engineered 
to be biodegradable or biostable for permanent fixtures and cured on demand in 
either aqueous or organic environments. They can be made flowable. When 
water is present in the compositions, the end cured material is porous enabling 
the delivery of other components suited to the application. It has been found that 

15 the compositions of the invention may be typically cured on demand to a hard, 
optionally porous material with 1-2 minutes of irradiation. 

Further, the multi-stage curing feature of the compositions according to the 
present invention is particularly suitable for fabricating foams with closed or 
interconnected pores. For example, a prepolymer with isocyanate and olefinic 

20 functional groups could first be reacted with a mixture of water and surfactants to 
increase viscosity and to generate pores with release of carbon dioxide by the 
reaction of isocyanate groups and water. The composition at this stage would be 
either formed to a desired shape or size and then cured in a mould to the desired 
shape using subsequent curing methods. The choice of linker and base 

25 molecules allows one to prepare such foamed structure with high compressive 
strength as well as with high load bearing capacity. Second curing stages may be 
carried out either through thermal or other means of initiation to polymerize the 
olefinic moeties in the prepolymer. 

Preferably the base molecule and the linker molecule may each be, 

30 independently of the other, a single molecule, or alternatively an oligomer formed 
from two or more substrate monomers. When the base or linker molecule is 
oiigomeric, it has a molecular weight of less than 2000, preferably less than 1000 
and more preferably less than 500. The compositions of the invention may also 
comprise z radical inhibitor to prevent prsnature polymerisation of a prepolymer 
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composition during storage, and/or a sensitizer or a promoter to assist in the 
activation of said second and/or further curing steps. 

Still more preferably the compositions of the invention may also comprise a 
dispersant or porogen such as for example, but not limited to water; or other 

5 particulate components. 

As a porogen, water is preferably present in the compositions of the 
invention in an amount of up to 40% of the total weight of the composition. 
Higher levels of water may be incorporated if an emulsifier is also present in the 
composition. In such instances water levels in an amount of up to 80% of the 

10 total weight of the composition may be incorporated. Addition of an emulsifier 
may also help to control pore size and distribution. Any emulsifier could be used 
but emulsifiers such as block copolymers of polyethylene glycol and 
polypropylene glycol (Pluronic available from BASF), block copolymers of 
polysiloxane and polyethylene glycol are preferred for biomedical applications. 

15 Commercially available emulsifiers that may be suitable include Symperonic 
PEF127 and Symperonic PE L101 (Uniqema). 

Throughout this specification the term "initiator compound" shall be taken 
to mean a molecule or mixture of molecules which when activated by an energy 
source, will result in free radical polymerization of said composition in a second 

20 and/or further curing step. The second and/or further curing step is preferably 
activated by means external of the composition such as, for example, irradiation 
by light of particular wavelength (photoinitiation), by thermal initiation, or by redox 
initiation with the result that free radical polymerization occurs so as to harden the 
polymer composition. The terms "dual cure", "multiple cure" and "cure on 

25 demand" are interchangeably used to indicate a polymer that may be cured in 
more than one stage and at the timing of the users choice by application of 
suitable initiator stimulus. 

In photoinitiated polymerisations, a sensitizer may be added to increase 
the rate of initiation. Other organic additives may be incorporated to shift the 

30 wavelength at which polymerisation occurs. The sensitizer may be a separate 
molecule which is of a chemical nature to predispose said polymer composition to 
a second or subsequent curing step under certain environmental conditions. Thus 
throughout this specification, the term "sensitizer" shall be taken to mean any 
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molecule which assists in the activation and increases the rate of photoinitiation 
of a second or subsequent curing step. 

Similarly, in polymerisations initiated thermally, a 'promoter* may be added 
to accelerate the rate of initiation and/or to initiate polymerisation at a desired 
5 temper 

A catalyst may also be added to the compositions of the invention to assist 
in the curing processes. Surfactants may also be added so as to modify the 
characteristics of the resultant process. 

The invention also provides a use of the prepolymer, polymer and cured 
1 0 end products of the invention in the preparation of a surface coating. 

The invention also provides a use of the prepolymer, polymer and cured 
end products of the invention in the preparation of a rigid foam with load bearing 
capacity. 

The invention also provides a use of the prepolymer, polymer and cured 
1 5 end products of the invention in the preparation of an adhesive composition. 

Throughout this specification the terms "comprises" or "comprising" or 
grammatical variations thereon shall be taken to specify the presence of stated 
features, integers, steps or components but does not preclude the presence or 
addition of one or more other features, integers, steps, components or groups 
20 thereof not specifically mentioned. 

DETAILED DESCRIPTION OF THE INVENTION 

In the compositions according to the invention the base molecule and 
linker molecule are preferably the two major components by mass and may, in 
general, either or both be a single compound or an oligomer of appropriately low 

25 molecular weight which when mixed and/or reacted produce a prepolymer 
composition that is able to be shaped, is preferably flowable and is not rendered 
solid until such time as a second or further curing step is activated by an external 
method. The base and linker molecules desirably each may possess at least one 
functional group that is able to bond to a functional group of the other molecule, 

30 preferably using an ionic bond, and more preferably a covalent bond that has 
sufficient bonding characteristics as to maintain the composition in the desired 
physical form in the environment in which it is placed until such time as a second 
or further curing step is affected. Similarly, the initiator, sensitizer and promoter 
moiecuie may contain such functional groups. However, it is not essential that the 
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initiator, sensitizer or promoter molecules have such properties for the 
compositions to have cure on demand characteristics. 

Preferred general structure of the base is represented by the general 
formulae I or II. 



4 B,Xor 




-ZR 



>(m-n) 



n = 1 to m 

m = valancy of Z 



|, B.X 



orY 




II 



n = 1 to m 
m = valancy of Z 
n' = 1 to (m'-1) 
m' = valancy of Z' 



segment may be one or 
more repeating units, n, m, n' and 
m' are integers. 



In the base molecule designated by formula I, Z may be H, C, O, N, Si, S. The 
remaining variables may then be defined according to the following table; 
Table 1: 



Atom 
(Z) 


Valancy 
(m) 


n 

(arms) 


R 


ZR(m-n) 


C 


4 


1 


H, CH 3 , C 2 H S or OR 


CH 3 , C(CH 3 ) 3 , C(C 2 H 5 ) 3l C(OR) 3 






2 


H, CH 3 , C 2 H S or OR 


CH 2 , C(CH 3 ) 2 , C(C 2 H 5 ) 2 , C(OR) 2 






3 


H, CH 3 , C 2 H 5 or OR 


CH, C(CH 3 ), C(C 2 H S ), C(OR) 






4 


none 


C (4 arms) 


0 


2 


1 


H, CH 3 , C 2 H 5 or OR 


OH, 0(CH 3 ), 0(C 2 H 5 ), R cannot be OR 






2 


none 


0 


Si 


4 


1 


H. CH 3 . C 2 H 5 or OR 


SiH 3 , Si(CH 3 ) 3 , Si(C 2 H 5 ) 3 . Si(OR) 3 






2 


H. CH 3( C 2 H 5 orOR 


SiH 2l Si(CH 3 ) 2 , Si(C 2 H 5 ) 2 , Si(OR) 2 






3 


H, CH 3 . C 2 H 5 or OR 


SiH, Si(CH 3 ), Si(C 2 H s ), Si(OR) 






4 


none 


Si (4 arms) 


H 


1 


1 


none 


H (R=0) 



10 In the linker molecule designated by formula II, Z' may be H, C, O, N, Si, S. The 
remaining variables are as defined in Table 1 and in the following table: 
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Table 2: 



Atom 
(Z 1 ) 


Valancy 
(m 1 ) 


n' 

(arms) 


R" 


Z'RXm'-n') 


c 


4 


1 


H, CH 3> C 2 H s orOR 


CH 2 , C(CH 3 ) 2 . C(C2H s ) 2l C(OR) 2 






2 


H,CH 3> C 2 HsOrOR 


CH, C(CH 3 ), C(C 2 H 5 ), C(OR) 






3 


none 


C (4 arms) 


0 


2 


1 


none 


0 


Si 


4 


1 : 


H,CH 3 ,C2Hs or OR 


SiH 2> Si(CH 3 ) 2 , Si(C 2 H s ) 2 , Si(OR) 2 






2 


H.CH 3 ,C 2 H S or OR 


SiH, Si(CH 3 ), SKCzHs), Si(OR) 






3 


none 


Si (4 arms) 


H 


1 


0 


cannot have a group 
or atom 





Functional groups A and B may be unsaturated moieties that are 
independently radically polymerizable depending on the method and type of 
5 initiator used. Functional group A is preferably different to that of B in the way it 
may be triggered to polymerize. Functional group A for example may be an 
acrylate double bond which can be initiated to propagate polymerization by 
photolytic initiators and/or thermal initiators. Functional group B may for example, 
be an allyl moiety which can only be initiated under specific free radical initiating 

10 conditions, but not by photochemical means. Alternatively the functional group B 
may only be triggered to polymerise by a different combination of initiators. 

The functional group B may not be an ethylenically unsaturated moiety. 
However, it may be any other moiety that can be triggered to initiate 
polymerization of unsaturated double bonds. 

15 A linker molecule is a single organic molecule or alternatively an oligomer 

formed from two or more substrate molecules. The functional groups in the linker 
molecule may be chosen depending on the X or Y functional groups in the base 
molecule. For examples, if the base molecule is isocyanato ethylmethacrylate, 
then the liker molecule can be any polyol or polyamine. Examples include di or 

20 higher hydroxy or amine functional oligomers based on polyesters, 
polycarbonates, polyethers, polysiloxanes etc. Similarly, if the X or Y functional 
group in the bass molecule is hydroxy or amine, then the linker molecule may be 
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designed to have isocyanate functional groups by reacting said polyols with a 
diisocyanate. 

A typical reaction scheme between a base and a linker molecule is thus as 
follows: 

A Y Y 

y~-x + v 

B 

Base molecule Linker molecule 



segments • aaa/ — — 
may be one or two repeating units 



A 




A: polymerizable by photolytic or thermal activation 
B: polymerizable by thermal activation only 
X-Y: reactive groups at ambient or elevated temperatures 
X or Y: may be used to generate voids leading to porosity 
5 X or Y may be used to bond to or compatibilise with the enviorenment 

In the above reaction scheme, the base molecule contains A, B and X 
functional groups, the examples of which are acrylic, allylic and hydroxyl, 
respectively. The linker molecule contains Y functional group, examples of which 

10 are isocyanate and thioisocyanate. The base and linker molecules are covalently 
linked via the reaction of X and Y functional groups. 

The functional group X (or Y) in the base molecule or the linker molecule 
may be used for a number of purposes. Firstly, it may be used to bond, either by 
covaient or ionic means, to the linker. For example, X (or Y) may be hydroxy, 

15 isocyanate, carboxy, halo or any other suitable functional group. !n such cases 
the functional group Y (or X) :n the Sinker respectively may be isocyanate, hydroxy 
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or mercapto, halo, carboxy or any other suitable functionality. More particularly, it 
is desirable to have groups that are highly reactive with each other, such as 
isocyanate with hydroxyl, amino or thiol functionalities, so as to achieve 
consistency of the prepolymer composition before application to the environment 

5 of use. Secondly, the functional group may be used to enhance integration with 
the surrounding environment, by skilfully manipulating the mass of residual 
functionality following the reaction. For example, when X is hydroxy, the 
remaining groups can promote mixing and enhance greater integration with 
aqueous surroundings or water as a component in the composition, through 

10 hydrogen bonding. Thus there is scope for the number of residual groups present 
to be varied depending on the application. Thirdly, the group X may be used to 
generate porosity if desired. For example isocyanate on reaction with water 
produces carbon dioxide, which may be used as a blowing agent to create voids 
and/or channel in the polymer immediately prior to curing to obtain a porus 

1 5 polymer where necessary. 

The base and linker molecules can be either premixed to afford a one 
component curable prepolymer system or formulated immediately prior to the 
application. 

The architecture of the prepolymer formed by polymerisation in a first stage 
20 of said base and linker molecules may be linear or regularly branched such as for 
example a star polymer or dendritic or may be irregularly branched such as for 
example, hyperbranched. 

The catalyst may be selected from, but is not limited to tin catalysts such 
as stannous (II) ethylhexanoate, stannous oleate, stannous chloride, dibutyltin 
25 dilaurate (DBTDL), dibutyltin dioxide, dibutyltin di-2-ethylhexanoate; tertiary 
amine catalysts such as triethylene diamine, tetramethylbutanediamine (TMBDA), 
dimethylethanolamine, 1 ,8-diazabicyclo[5.4.0]undec-7-ene, 1 ,4- 

diazo[2,2,2]bicycIe-octane (DABCO), hydroxyguanine, tetramethyl guanidine, N- 
ethylmorpholine, riboflavin; titanium catalysts such as titanium ethanol amine, 
30 Tyzor-titanate (Tyzor 131), Tyzor organotitanates, titanium butoxide; titanium 
aqueous chelates which are stable in water such as Tyzor-LA (aqueous titanium 
lactate chelate), Tyzor 131 (aqueous titanium chelate), Tyzor 217 (aqueous 
zirconium lactate), Tyzor 218(aqueous zirconium glycolate); and other catalysts 
such as calciun phosphate, ovalbumin, sodium acetate, and tributyl phosphine. 
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The selection of the initiator present in the composition for the purpose of 
triggering free radical curing, is dependant on the method of initiation selected. 
Initiation may be thermal, photolytic or based on a redox system of components 
and is preferably by an external source. For example, camphorquinone, 

5 phosphine oxide based initiators such as 2,4,6- trimethyl benzoyl) diphenyl 
phosphine oxide are suitable and redox initiators such as ammonium persulfate 
and sodium metabisulfite are also suitable. Preferable is a system that cures the 
polymeric composition using a wave length that is either in the UV or visible 
region of electromagnetic radiation although actinic radiation may also be used. 

10 In one embodiment of the invention, visible light source having a maximum wave 
length of 450 ± 30nm is used. Examples of photoinitiators include but are not 
limited to 2,2-dimethoxy-2-phenylacetophenone (Irgacure 651), Hydroxyalkyl 
phenones (1-hydroxycyclohexyl phenyl ketone (Irgacure 184), 2-methyM-[4- 
(methylthio)phenyl]-2-(4-morpholinyl)-1-propanone (Irgacure 907), 2-hydroxy-1-[4- 

15 (hydroxyethoxy)phenyl]-2-methyl-1-propanone (Darocur 2959), Darocur 4265, 
Darocur TPO, Darocur 1 173, Irgacure 500, 784, 907, 2959, 819, 2020, 1000, 369, 
651, 1300, 819/819W, Irgacure 2005 and Irgacure 2010W and Irgacure 
2020,polysilanes, Esacure KP150 (Hydroxyalkylphenylketone), Camphorquinone, 
Rosebengal, ethyl-4-N,N-dimethylaminobenzoate(4EDMAB)/ triethanolamine, a 

20 alkoxydeoxybenzoins, a,a-dialkoxyacetophenone (DEAP), (1-hydroxy- 
cyclohexylphenylketone), dibenzoyl disulphide, S-phenyl thiobenzoates, 
acylphosphine oxide, dibenzoylmethanes, O-acyl a- oximinoketones, phenylazo- 
4-diphenyl sulphone, benzophenones, flourenones, xanthones, thioxanthones, 
benzils, ketals (2,2-dimethoxy-2-phenylacetophenone DMP), cc-ketocoumarines, 

25 anthraquinone, and terephthalophenones. 

2,6-di-tert-butyl-4-methylphenol may be included in the composition as a 
radical inhibitor, and helps to avoid premature second stage polymerisation 
during storage of the prepolymer composition. 

Dispersants, such as water, may be used in the composition and with the 

30 aim of generating or tailoring the desired physical properties of the resultant cured 
polymer during the curing process. For example, use of water as a dispersant in 
a composition that contains residual isocyanate groups will generate carbon 
dioxide during curing while the other mechanism of curing cross links the material 
into a hard materia!. St;ch dual mode curing enables the generation of voids 
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and/or channels within the polymer enabling the fabrication of a porus polymer. 
Alternatively dispersants that do not generate carbon dioxide can be added if 
porosity is undesirable. 

Sensitizers may include but are not limited to bis-(N,N tetraethyl) ethylene 
5 diamine, N,N'-dimethyl amino ethyl methacrylate, Ethyl-4- 
dimethylaminobenzoate, Isopropyl thioxanthone (Quantacure ITX), Ethyl-p- 
diaminobenzoate, Triethanolamine, Tertiary amine (N,N- 
diethylaminomethacrylate), and Michler's ketone. 

Variation of each component in the composition may be used to dictate the 

10 chemical and physical characteristics of the final cured polymer composition. For 
example, lowering the percentage of acrylate groups has the benefit of tailoring 
the final material to be softer while an increase makes it otherwise. This may be 
achieved by adding compounds incorporating acrylate groups in excess in the 
preparation of the prepolymer. Thus, the desired mechanical properties of the 

15 materials can be tailored to the application at hand. Increasing the quantity of 
dispersant for example lowers the viscosity of the compositions. 

Preferred compositions are those in which the ratio of NCO:acryiate 
functionalities is in the range of 1 .0-3.0: 0.5-3.0. 

Variation of the initiator concentrations may control the time frame in which 

20 the polymer can be cured in to a soft or a hard material and also has an effect on 
the curing mechanisms. For example, fast curing (with high concentration of 
initiator) limits the swelling of the polymer composition during the generation of 
the porosity by carbon dioxide evolution in a dual mode isocyanate/water curing 
and radical cross linking system. 

25 The compositions of the invention may be engineered to cure in either an 

aqueous or an organic environment and to have an injectable viscosity or to be 
formed as a solid to suit the application at hand. 

In one embodiment disclosed herein the base molecule is monomeric or 
oligomeric, and can be cured upon incorporation into the prepolymer by free 

30 radical polymerization. It may possess one or many isocyanate reactive functional 
groups, such as but not limited to amino, hydroxy! and thiol and suitably activated 
double bond groups. More preferably, a monomeric base molecule possessing 
one or more free radically polymerizable acrylate functional groups and one 
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hydroxy group reactive towards isocyanates, such as glycerol dimethylacrylate is 
used. 

In an alternative embodiment herein disclosed the base molecule is 
monomeric or oligomeric containing acrylate and isocyanate functionalities. For 
5 example, the base molecule isocyanatoethylmethacrylate (I EM) is reacted with a 
linker molecule having hydroxy or amine functional groups to produce a 
prepolymer composition which may be cured in a second stage. 

In one preferred embodiment the composition preferably comprises a 
base molecule which is a polyurethane/urea structure which is more preferably 

10 the reaction product of a core molecule with two or more functional groups, either 
linear or multi arm such as but not limited to degradable polyesters, and an 
organic molecule containing isocyanate groups, more preferably a diisocyanate. 
The linker molecule is then reacted with the base molecule such that the resulting 
prepolymer contains contains terminal isocyanate end groups as well as free 

15 radically polymerizable olefinic groups such as acrylates so as to engineer the 
chemical and physical characteristics of the desired material. 

The prepolymer compositions that are preferred for preparing 
biodegradable cured end-products are based on degradable polyesters, such as 
polycaprolactone diol, triol, poly(lactic acid) diol, triol, poly(glycolic acid) diol triol, 

20 and copolymer diols and triols of lactic and glycolic acids. A range of 
architectures of these polyols are commercially available and vary from linear, 
branched to star type and their suitability to a particular application is solely 
depended on the requirements of the application at hand. Other polyols could be 
synthesized based on literature reported procedures. 

25 For biostable compositions, preferred oligomers for use as linker molecules 

are prepared by reacting polyether polyols, polysiloxane polyols, hydrocarbon 
polyols or mixtures there of with diisocyanates such as 4,4-methylene diphenyl 
diisocyanate (MDI). Examples of polyether polyols include poly(teramethylene 
oxide), po!y(hexamethylene oxide), poly(octamehylene oxide), and 

30 po!y(decamethylene oxide). Siloxane based macrodiols such as a, o>bis(6- 
hydroxy-ethoxypropyl)-polydimethylsiloxane (available from Shin-Etsu, Japan) are 
particularly preferred for biostable materials. 

Preferred polymer compositions are those based on combinations of one 
or more o? polycaprolactone dio! (400-2000), polycaprolactone triol, poly(!actic 
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acid) diol, polytetraemthylene ether glycol, glycerol with one or more of ethyl 2,6- 
diisocyanato hexanoate (ethyl lysinediisocyanate), 4,4-methylene bis(phenyl 
isocyanate), methy 2,6-diisocyanato hexanoate (methyl lysinediisocyanate), 
hexane diisocyanate, butane diisocyanate The olefinic functionality is introduced 

5 by the use of one or more of isocyanato methacrylate, polyethylene glycol 
acrylate, glycerol dimethacrylate or isocyanato ethyl methacrylate. 

Particularly suited linker moleculesmay be prepared by reacting di- or 
higher- hydroxy or amine functional oligomers based on polyesters, 
polycarbonates, polyethers, polysiloxanes etc with a diisocyanate or 

10 polyisocyanate. For biostable polymer compositions polysiloxane, polycarbonate 
and polyether based polyols are preferred. 

Particularly suited base molecules may be selected from the group 
consisting of, but not limited to the following: 
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HO— ( 



K 



HO-^ 



v 



HO-^ 



Glycerol dimethacryiate Glycerol diacrylate Hydroxy ethylmethacrylate Hydroxy ethylacrylate 



X 



HO 



HO^^ 



HO-^ 



Hydroxy propylmethacrylate 2-AHyloxyethanol Ethylene glycol vinyl ether 



X 



OCN^ 
Isocyanato ethyl methacrylate 



/= 
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Other preferred embodiments are illustrated below. The following 
discussion is meant by way of example only and should not be considered to limit 
the invention to the architectures, functional groups or the ways in which the 
components are bonded and cured which are set out. 

In one preferred embodiment the linker component may be formed from 
ethyl lysine diisocyanate and poly(caprolactone diol). 





ethyl lysine diisocyanate (ELDI) 

poly(caprolactone diol) 

The polymer composition cures in a first stage as set out hereinbelow: 



> 



OH + 



CO2C2H5 O 




base molecule 



J n 

linker molecule 



0 C0 2 C 2 H 5 
0 J H 

ri 




-l2 



10 



The base molecule in this example is commercially available glycerol 
dimethyl acrylate which is used to end cap the linker molecule. The linker is 
easily prepared by mixing appropriate ratios of a polycaprolactone diol of 
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molecular weight approximately 400, and ethyl lysine diisocyanate, the ratios 
being selected to determine the properties required for the end product. The 
hydrophilicity of the end product can be adjusted depending on the desired 
application by varying the ratio of the acrylate and the polyol. A catalyst in this 
5 case is not essential; however, the presence of stannous octoate increases the 
rate of reaction between the isocyanate and the hydroxyl group. The composition 
is flowable, injectable through an 18 gauge needle, and can be cured with 
monochromatic visible light in the presence of suitable radical initiators. 



An alternative preferred embodiment is based on a base molecule made 



10 from glycerol dimethacrylate and ethyl lysine diisocyanate with the linker being a 
polyol. 




o 



+ 



ethyl lysine diisocyanate (ELDI) 




CO2C2H5 




+ any polyol 



linker molecule 




value of 'n' varies 

depending on the 
polyol used 
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In this case any polyol or an amino functional molecule having an 
appropriate molecular weight in the range 200 to about 2000 and any 
architecture, linear or branched, can be used as the linker in the composition. 

In the above examples, generally a molar ratio of 4:1 of linker: base 

5 molecule is present. Water may be a dispersant in the above preferred 
embodiments. Preferably up to 40% water by weight may be mixed to achieve a 
stable emulsion like mixture. In such cases the residual isocyanate groups react 
with water to produce carbon dioxide and function as a blowing agent to create 
porosity. Consequent generation of amino groups enhances the hydrophilicity of 

10 the surface of the cured polymer. Further increases in hydrophilicity may be 
achieved by the inclusion of radically polymerizable monomers as additional 
components in the composition, capable of acting as compatibilizers which alter 
the hydrophilicity/hydrophobicity ratio thereby adjusting the polymer composition 
to the environment of use. 

15 Another alternative preferred embodiment is based on a base molecule 

made from glycerol dimethacrylate and ethyl lysine diisocyanate with the linker 
being a polyol. 
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the 



In this case any polyol or an amino functional molecule having an 
appropriate molecular weight in the range 200 to about 2000 and any 
5 architecture, linear or branched, can be used as the linker in the composition 

In another preferred embodiment dual cure polymer compositions may 
also be prepared using caprolactone triol as linker, and an oligomer of methyl 
lysine diisocyanate, and isocyanato ethylmethacrylate as base: 
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Lysine diisocyanate 



Isocyantoethylemthacrylate 



The compositions illustrated above can be cured by conventional photolytic 
or radiation triggered initiators and matching monochromatic light of any radiation 
5 frequency. Any initiator compound or compounds which will form initiator radicals 
so as to effect free radical polymerization are suitable. For the above examples, 
curing can be achieved with camphorquinone together with a tertiary amine (e.g. 
dimethyl aminoethyl acrylate), and visible light centred approximately at 450nm. 
Complete curing can be achieved within very short periods of time, depending on 
10 the levels of the initiator. With 0.1% of initiator a 20-60 second burst of blue light 
at 1000mW/cm 2 is sufficient for complete cure. 

The ratio of base to linker molecule can be varied to alter the properties of 
the cured material. For example, using a linker that is considered to be soft, such 
as poly(caprolactone diol) in excess with less cross linking enables the final 
15 material to be softer with high elongation. Alternatively increased cross linking 
allows the preparation of harder material with less elongation. 

The following examples are intended to illustrate the scope of the invention 
and to enable reproduction and comparison. They are not intended to limit the 
scope of the disclosure in any way. 

20 
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EXAMPLES 

The following examples illustrate the preparation of prepolymer 
compositions suitable for second and further curing stages. 

Examples 1-5 illustrate the preparation of linker molecules for use in the 
5 composition of the invention. 
Example 1 

Materials: Polycaprolactone diol (PCLD 400) with molecular weight Mn 
400 (Era Polymers or Aldrich) was pre-dried to eliminate any residual water at 
90°C under vacuum (40mm Hg) for at least 2 hours prior to use. Ethyl 2,6- 

10 diisocyanato hexanoate (ELDI) (Kyowa Hakko Kogyo Co. Ltd ) was used as 
received from supplier. 

Procedure: Pre-dried PCL400 (6.0g, 15 mmoL) was weighed in to a round 
bottom flask equipped with a magnetic stirrer, a nitrogen inlet and a drying tube. 
ELDI (8.48g, 37.5 mmoL) was added to the flask while stirring and heated at 70°C 

15 for two hours under nitrogen. The heating bath was removed and the mixture 
was stirred over night at room temperature. The resultant product was degassed 
and stored under a nitrogen atmosphere in the freezer. Stannous 2-ethyl 
hexanoate (0.1% of total mass) may be employed as a catalyst to accelerate the 
reaction. 

20 Example 2 

Materials: Polycaprolactone diol (PCLD1000) with molecular weight Mn 
1000 (Era Polymers or Aldrich) was pre-dried to eliminate any residual water at 
90°C under vacuum (40mm Hg) for at least 2 hours prior to use. Ethyl 2,6- 
diisocyanto hexanoate (ELDI) (Kyowa Hakko Kogyo Co. Ltd ) was used as 

25 received from supplier. 

Procedure: PCL1000 (15.00g, 15 mmoL) pre-dried as described above 
was weighed in to a round bottom flask equipped with a magnetic stirrer, a 
nitrogen inlet and a drying tube. Ethyl 2,6-diisocyanato hexanoate (8.48g, 37.50 
mmoL) was rapidly added to the diol while with rapid stirring at 40°C and heated 

30 at 70°C for two hours. The heating bath was removed and the mixture was 
stirred over night at room temperature under a nitrogen atmosphere. The mixture 
thickened on reaction between the diol and the diisocyanate. The mixture was 
degassed and stored over nitrogen in the freezer. Stannous 2-ethyl hexanoate 
(0. • % of total mass) rcay be employed as a catalyst to accelerate the reaction. 
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Example 3 

Materials: Polycaprolactone dio! (PCLD2000) with molecular weight Mn 
2000 (Era Polymers or Aldrich) was pre-dried to eliminate any residual water at 
90°C under vacuum (40mm Hg) for at least 2 hours prior to use. Ethyl 2,6- 
5 diisocyanato hexanoate (ELDI) (Kyowa Hakko Kogyo Co.Ltd ) was used as 
received from supplier. 

Procedure: PCL2000 (7.50g, 3.75 mmoL) pre-dried as described above 
was weighed in to a round bottom flask equipped with a magnetic stirrer, a 
nitrogen inlet and a drying tube. Ethyl 2,6-diisocyanato hexanoate (2.1 1g, 9.38 

10 mmoL) was rapidly added to the diol while with rapid stirring at 40°C and heated 
at 70°C for two hours. The heating bath was removed and the mixture was 
stirred over night at room temperature under a nitrogen atmosphere. The mixture 
thickened on reaction between the diol and the diisocyanate. The mixture was 
degassed and stored over nitrogen in the freezer. At ambient temperature the 

1 5 mixture is a solid, however, melts at 70°C. 
Example 4 

Materials: Poly(lactic acid) diol (PLA400) with molecular weight Mn 417 
was pre-dried to eliminate any residual water at 90°C under vacuum (40mm Hg) 
for at least 2 hours prior to use. Ethyl 2,6-diisocyanto hexanoate (ELDI) (Kyowa 

20 Hakko Kogyo Co.Ltd ) was used as received from supplier. 

Procedure: PLA400 (3.12g, 7.5 mmoL) pre-dried as described above was 
weighed in to a round bottom flask equipped with a magnetic stirrer, a nitrogen 
inlet and a drying tube. Ethyl 2,6-diisocyanato hexanoate (4.24g, 18.75 mmoL) 
was rapidly added to the diol while with rapid stirring at 40°C and heated at 70°C 

25 for two hours. The heating bath was removed and the mixture was stirred over 
night at room temperature under a nitrogen atmosphere. The mixture thickened 
on reaction between the diol and the diisocyanate, was degassed and stored over 
nitrogen in the freezer. Dibutyl tin octonoate (0.1% of total mass) may be 
employed as a catalyst to accelerate the reaction. 

30 Example 5 

Materials: Polytetramethylene ether glycol (PTMEG1000) with moiecuiar 
weight Mn 1000 (Aldrich) was pre-dried to eliminate any residual water at 90°C 
under vacuum (40mm Hg) for at least 2 hours prior to use. 4,4'- 
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methylenebis(phenyl isocyante) (MDI) (Aldrich) was used as received from 
supplier. 

Procedure: PTMEG1000 (10.35g, 10.30 mmoL) pre-dried as described 
above was weighed in to a round bottom flask equipped with a magnetic stirrer, a 
5 nitrogen inlet and a drying tube. MDI (6.52g, 26 mmoL) was rapidly added to the 
diol while with rapid stirring at 80°C and heated at 80°C for two hours. The 
heating bath was removed and the mixture was stirred over night at room 
temperature under a nitrogen atmosphere. The mixture thickened on reaction 
between the diol and the diisocyanate, was degassed and stored over nitrogen in 

10 the freezer. This procedure was adopted from the technical bulletin of "DuPont 
Terathane", available from the web. 

Examples 6-9 illustrate the preparation of prepolymer for use as a base 
molecule according to the invention. 
Example 6 

15 Molar ratio; NCO: Aery late (2:1) 

Materials: Polycaprolactone triol (MW 300, Aldrich) was dried under 
vacuum (0.1 torr) at 80°C over night. Methyl 2,6-diisocyanato hexanoate (MLDI, 
Kyowa Yuka Co., Ltd, Japan) and Isocyanatoethyl methacrylate and 2,6-di-tert- 
butyl-4-methylphenol were used as received. All the glassware used was 

20 thoroughly cleaned and dried at 105°C overnight in an oven before use. 

Procedure: Predried polycaprolactone triol (4.0 g) was weighed in a dry 
three-neck flask equipped with a magnetic stirrer, nitrogen inlet and drying tube. 
Methyl 2,6-diisocyanato hexanoate (MLDI ) (5.65 g) was then added to the flask 
followed by isocyanatoethyl methacrylate (I EM) (2.06 g) followed by 2,6-di-tert- 

25 butyl-4-methylphenoI (0.002g, 0.1 wt% of IfcfM) under nitrogen. The reaction 
mixture was stirred and heated in the dark to 70°C for 2h under nitrogen 
atmosphere. The homogenous polymer mixture was degassed under vacuum 
(0.1 torr) at 50°C before it was transferred to a vial under nitrogen atmosphere 
and stored in the refrigerator. The molecular weight and viscosity of the 

30 prepolymer were determined by gel permeation chromatography (GPC) and 
showed number average molecular weight and polydispersity 2116 and 1.21, 
respectively. 

GPC was performed on Water Associates Liquid Chromatograph system 

(Weters 717) equipped with a differentia! refractometer and four ^-Siyrage! 
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columns (10 5 , 10 4 , 10 3 and 100A). The mobile phase was tetrahydrofuran (THF) 
at a flow rate of 1 mL/min. Prepoiymer was dissolved in THF by warming the 
solution at 50°C for 1h and filtered through 0.45 micron filter before analysis. The 
system was calibrated with narrow disperse polystyrene standards and molecular 
5 weights are reported as polystyrene equivalents. The viscosity was measured 
using Bohlin Rheometer (CSR10) at 23°C. 
Example 7 

Molar ratio; NCO: Acrylate (2.5:0.5) 

Materials: Polycaprolactone triol (MW 300, Aldrich) was dried under 
10 vacuum (0.1 torr) at 80°C over night. Methyl 2,6-diisocyanato hexanoate (MLDI, 
Kyowa Yuka Co., Ltd, Japan) and isocyanatoethyl methacrylate and 2,6-di-tert- 
butyl-4-methylphenol were used as received. All the glassware used was 
thoroughly cleaned and dried at 105°C overnight in an oven before use. 

Procedure: Predried polycaprolactone triol (4.0 g) was weighed in a dry 
15 three-neck flask equipped with a magnetic stirrer, nitrogen inlet and drying tube. 
Methyl 2,6-diisocyanato hexanoate (MLDI ) (7.07 g) was then added to the flask 
followed by isocyanatoethyl methacrylate (IEM) (1.03 g) followed by 2,6-di-tert- 
butyl-4-methylphenol (0.001 g, 0.1 wt% of IEM) under nitrogen. The reaction 
mixture was stirred and heated in the dark to 70°C for 2h under nitrogen 
20 atmosphere. The homogenous polymer mixture was degassed under vacuum 
(0.1 torr) at 50°C before it was transferred to a vial under nitrogen atmosphere 
and stored in the refrigerator. 
Example 8 

Preparation of prepoiymer with initiater 2-hydroxy-1-[4- 
25 (hydroxyethoxy)phenyl]-2-methyl-1-propanoneJlrgacure) covalently attached to a 
base prepoiymer. 

Molar ratio: NCO:AcryIate: (1.8:1.0) 

Materials: Polycaprolactone triol (MW 300, Aldrich) was dried under 
vacuum (0.1 torr) at 80°C over night. Methyl 2,6-diisocyanato hexanoate (MLDI, 
30 Kyowa Yuka Co., Ltd, Japan) and isocyanatoethyl methacrylate and 2,6-di-tert- 
butyl-4-methylphenol (Aldrich) and Irgacure 2959 (Ciba) were used as received. 
All the glassware used was thoroughly cleaned and dried at 105°C overnight in 
an oven before use. 



WO 2005/085313 PCT/AU2005/000306 

25 

Procedure: Predried polycaprolactone triol (5.0 g) was weighed in a dry 
three-neck flask equipped with a magnetic stirrer, nitrogen inlet and drying tube. 
Methyl 2,6-diisocyanato hexanoate (MLDI ) (6.36 g) was then added to the flask 
followed by isocyanatoethyl methacrylate (I EM) (2.56 g) followed by 2,6-di-tert- 
5 butyl-4-methylphenol (0.002g, 0.1 wt% of I EM) and Irgacure2959 (0.786g) under 
nitrogen. The reaction mixture was stirred and heated in the dark to 70°C for 2- 
2.5h under nitrogen atmosphere. The homogenous polymer mixture was 
degassed under vacuum (0.1 torr) at 50°C before it was transferred to a vial 
under nitrogen atmosphere and stored in the refrigerator. 
10 Example 9 

Preparation of a Glycerol based prepolymer NCO: Acrylate (1 :3) 
Materials: Glycerol (Aldrich) was dried under vacuum (0.1 torr) at 80°C 
over night. Methyl 2,6-diisocyanato hexanoate (MLDI, Kyowa Yuka Co., Ltd, 
Japan) and Isocyanatoethyl methacrylate and 2,6-di-tert-butyl-4-methylphenol 
15 were used as received. All the glassware used was thoroughly cleaned and dried 
at 105°C overnight in an oven before use. 

Procedure: Glycerol (2.50 g) was weighed in a dry three-neck flask 
equipped with a magnetic stirrer, nitrogen inlet and drying tube. Isocyanatoethyl 
methacrylate (IEM) (12.6 g) was then added to the flask followed by 2,6-di-tert- 
20 butyl-4-methylphenol (0.001 6g, 0.1 wt% of IEM) under nitrogen. The reaction 
mixture was stirred and heated in dark to 70°C for 22h under nitrogen 
atmosphere. The homogenous mixture was degassed under vacuum (0.1 torr) at 
70°C before it was transferred to a vial under nitrogen atmosphere and stored in 
the refrigerator. The number average molecular weight and polydispersity of the 
25 prepolymer were 607 and 1 .02, respectively based on GPC analysis. 

Examples 10 to 17, except example 15, illustrate curing of prepolymer 
using either visible or UV light. Following is a brief description of the procedure 
used. 

For visible light curing the light source used was supplied by 3M industries. 
30 The model used was ESPE Elipar Freelight 2, which emits in the range of 430- 
480nm and at an intensity of 1000 mW/cm 2 . The experiments conducted in 
Teflon wells, curing from one side. 

Procedure: The degassed pre-polymer was weighed in to a glass sample 
via!. Camphorquincne (C.1%) end N,N dimethy! amino ethyl methacrylate 



WO 2005/085313 PCT/AU2005/000306 

26 

(DMAEMA) (0.2%) (or any other sensitizer) was added, mixed with the pre- 
polymer. Water (with or without gelatin beads) is added (if desired) up to 40% of 
the mass, mixed to a creamy consistency and the mixture taken up in a syringe. 
The composition with camphorquinone needs to be kept in a dark environment as 
5 natural light triggers the curing process. The polymer mixture is poured in to a 
cylindrical Teflon cavity and irradiated using the blue lamp for 1-2 minutes, during 
which time the curing occurs. The solid plug can be removed immediately from 
the mould as 1-2 minutes curing turns it in to a hard solid. 
Example 10 

10 Degassed prepolymer (1.00 g) of Polycaprolactone triol with MLDI 

prepared in Example 1 was weighed in to a cavity (20x20x10 mm) made in a 
Teflon block. Degassed and dried polycaprolactone triol of molecular weight (MW 
300, 0.1819 g), camphorquinone (0.1 wt% 0.001 8g) and N,N-dimethyl amino 
ethyl methacrylate (DMAEMA) (0.003g) was mixed together and added to the 

15 prepolymer. The mixture was stirred for several minutes in dark and then gelatin 
beads (10-50 % by weight) was added and stirred further for 5 min. The mixture 
which was a viscous and injectable liquid, was taken into a 2.5 ml syringe and 
dispensed 0.29 g into each cylindrical cavity (6 mm D x 12 mm L) in a multi-cavity 
Teflon mould, sealed and cured for 10 sec with blue light (430-460 nm) to give 

20 porous cylindrical polymer test specimens. 

The following examples illustrate UV (photo)curing. 
Example 11 

Tagged UV initiator (Irgacure 2959) 

Degassed prepolymer (0.35 g) of PCLT and IEM and MLDI prepared in 
25 Example 8 was weighed in a polypropylene mould. N.N-dimethyl amino ethyl 
methacrylate (DMAEMA) (0.015 g) and gelatine beads (0.1 g) was added to the 
prepolymer. The mixture was mixed well for few minutes and then cured with UV 
light (365 nm, 1 MW/cm2@8cm, Spectraline) to give a porous polymer test 
specimens. 
30 Example 12 

Glycerol dimethacrylate (91 mg, 0.40 mmoL) was mixed with the 
composition made in example 5(100 mg, 0.10 mmoL) and 1mg of stannous-2- 
ethylhexanoate in a glass vial. The mixture was allowed to stand under nitrogen 

for 4 hours in r.e aark £nd C53A UV initiator Darccur (5 mg) added. The mixture 
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was placed under a UV lamp (365 nm, 1 MW/cm2@8cm, Spectraline) for 1 hour 
at which time the mixture hardened to a solid, with good adhesion to glass. A 
control experiment without a radical initiator remained non-cross linked. 
Example 13 

5 Glycerol dimethacrylate (45.60 mg, 0.20 mmoL) was mixed with the 

composition of example 1 (170 mg, 0.20 mmoL) and 0.5mg of CIBA UV initiator 
Darocur in a glass vial. The mixture was allowed to stand under nitrogen for 4 
hours in the dark and exposed to UV light (365 nm, 1 MW/cm2@8cm, 
Spectraline) for 1 hour at which time the mixture cured to a hard solid, with good 
10 adhesion to glass. A control experiment without a radical initiator remained non- 
cross linked. 

The following example illustrates the use of water to create a porous 
material. 
Example 14 

15 Glycerol dimethacrylate (45.60 mg, 0.20 mmoL) was mixed with a 

prepolymer according to example 1 (170 mg, 0.20 mmoL) and 0.5mg of CIBA UV 
initiator Darocur in a glass vial. The mixture was allowed to stand under nitrogen 
for 4 hours in the dark and 100mg of water added. The mixture was mixed to a 
creamy composition and exposed to UV light (365 nm, 1 MW/cm2@8cm, 

20 Spectraline) for 1 hour at which time the mixture cured to a hard porus solid. A 
control experiment without a radical initiator remained non-cross linked. 

The following example illustrates the use of a redox initiator in the second 
curing step. 
Example 15 

25 Degassed prepolymer (0.02 g) prepared in Example 9 was weighed in to a 

cavity (20x20x10 mm) made in a Teflon block. A solution of Ammonium per 
sulfate (0.04g/ml) (20 micro litre) and Sodium metabisulfite (0.04g/ml) (20 micro 
litre) and N,N,N,N-tetramethylethylenediamine (sensitizer) 0.1 wt% were added to 
the prepolymer. The mixture was stirred for several minutes and dispensed 0.29 g 

30 into each cylindrical cavity (6 mm D x 12 mm L) in a cavity Teflon mould covered 
with glass plate and cured at 37*C to give porous cyiindricai polymer test 
specimens. 



WO 2005/085313 PCT/AU2005/000306 

28 

Example 16 

Degassed prepoiymer (1.00 g) of Polycaprolactone triol with MLDI 
prepared in Example 6 was weighed in to a cavity (20x20x10 mm) made in a 
Teflon block. Degassed and dried polycaprolactone triol of molecular weight (MW 
5 300, 0.1819 g), initiator camphorquinone (0.1 wt% 0.0018g) and N,N-dimethyl 
amino ethyl methacrylate (DMAEMA) (0.003g) was mixed together and added to 
the prepoiymer. The mixture was stirred for several minutes in the dark and then 
gelatine beads (10-50 % by weight) was added and stirred further for 5 min. The 
mixture which was a viscous and injectable liquid, was taken into a 2.5 ml syringe 
10 and dispensed 0.29 g into each cylindrical cavity (6 mm D x 12 mm L) in a multi- 
cavity Teflon mould, sealed and cured for 10 sec with blue light (430-460 nm) to 
give porous cylindrical polymer test specimens. 

The prepoiymer prepared above was also cured with UV light (365 nm) 
using UV initiator Irgacure 2959 to give a porous polymer test specimens. 
15 Example 17 

ELDI (40.14g) was added to four arm poly(D/L-lactic acid) (39.47g, Mn 
889) in a round bottom flask. Stannous 2-ethyl hexanoate (40mg, 0.05%) was 
added and the mixture allowed to stir for 12 hours. 

Part of the above reaction mixture (24.96g) was placed in a round bottom 
20 flask, pentaerythritol triacrylate (16.6g) and MEHQ (32.5mg) added. The mixture 
(prepoiymer) was allowed to stir for 12 hours before use. 

No filler: The pre-polymer (6.040g) was weighed in to small beaker and 
mixed to a creamy consistency before CQ (20mg) and DMAEMA (40mg) was 
added. The mixtures were degassed for a brief period under moderate vacuum 
25 (70mmHg) to remove any air bubbles and samples placed in 6mm x 12mm well 
plates made of Teflon. Two glass plates were placed on either side of the Teflon 
block, clamped and the polymer samples in the wells irradiated with blue light for 
2-3 minutes. Upon completion of irradiation the samples were left in the mould 
for 24 hours. Removed the samples from the mould and further cured using blue 
30 light to ensure complete curing. The mechanical properties of the resultant 
structures are described in Tabie 3. 

TCP-20: The pre-polymer (5.478g) and p-tricalcium phosphate (TCP) 
(1.0S6g) was weighed in to small beaker and mixed to a creamy consistency 
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before CQ (19.7mg) and DMAEMA (40mg) was added. The mixtures were 
degassed for a brief period under moderate vacuum (70mmHg) to remove any air 
bubbles and samples placed in 6mm x 12mm well plates made of Teflon. Two 
glass plates were placed on either side of the Teflon block, clamped and the 
5 polymer samples in the wells irradiated with blue light for 2-3 minutes. Upon 
completion of irradiation the samples were left in the mould for 24 hours. 
Removed the samples from the mould and further cured using blue light to ensure 
complete curing. The sample specimens were conditioned at ambient 
temperature for 10 days before testing for mechanical properties, the details of 

1 0 which are provided in Table 3. 

HA-20: The pre-polymer (5.731g) and hydroxy apatite (1.146g) was 
weighed in to small beaker and mixed to a creamy consistency before CQ (20mg) 
and DMAEMA (40mg) was added. The mixtures were degassed for a brief period 
under moderate vacuum (70mmHg) to remove any air bubbles and samples 

15 placed in 6mm x 12mm well plates made of Teflon. Two glass plates were placed 
on either side of the Teflon block, clamped and the polymer samples in the wells 
irradiated with blue light for 2-3 minutes. Upon completion of irradiation the 
samples were left in the mould for 24 hours. Removed the samples from the 
mould and further cured using blue light to ensure complete curing. The 

20 mechanical properties of the resultant structure are described in Table 3. 
Example 18 

ELDI (20.85g) was added to four arm poly(D/L-lactic acid) (20.85g, Mn 
889) in a round bottom flask. The mixture allowed to stir for 12 hours. 
Part of the above reaction mixture (10.76g) was placed in a round bottom flask, 

25 Glycerol diacrylate (5.47g) and BHT (38mg) added. The mixture was allowed to 
stir for 12 hours before use. 

No filler: The pre-polymer (4.40g) was weighed in to small beaker and 
mixed to a creamy consistency before CQ (4.4mg) and DMAEMA (20mg) was 
added. The mixtures were degassed for a brief period under moderate vacuum 

30 (70mmHg) to remove any air bubbles and samples placed in 6mm x 12mm well 
plates made of Teflon. Two glass plates were placed on either side of the Tefion 
block, clamped and the polymer samples in the wells irradiated with blue light for 
2-3 minutes. Upon completion of irradiation the samples were left in the mould 
fcr 24 tours. Removed toe samples irorr. the mould and further cured using blue 
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light to ensure complete curing. The mechanical properties of the resultant 
sample are described in Table 3. 

HA-10: The pre-polymer (4.40g) and hydroxy apatite (0.44g) was weighed 
in to small beaker and mixed to a creamy consistency before CQ (5mg) and 
5 DMAEMA (10mg) was added. The mixtures were degassed for a brief period 
under moderate vacuum (70mmHg) to remove any air bubbles and samples 
placed in 6mm x 12mm well plates made of Teflon. Two glass plates were placed 
on either side of the Teflon block, clamped and the polymer samples in the wells 
irradiated with blue light for 2-3 minutes. Upon completion of irradiation the 
10 samples were left in the mould for 24 hours. Removed the samples from the 
mould and further cured using blue light to ensure complete curing. The 
mechanical properties of the resultant samples are described in Table 3. 
Example 19 

ELDI (4.52g) was added to a solution of four arm -poly(D/L-lactic acid-co- 
15 glycolic acid) (20g, Mn 4000) in dichloromethane (20mL). The mixture allowed to 
stir for 12 hours. 

Glycerol diacrylate (4.56g) in dichloromethane (5mL) and BHT (35mg) 
added. The mixture was allowed to stir for 12 hours and the solvent removed 
under high vacuum before use. 

20 No filler: The pre-polymer (3.34g) was weighed in to small beaker and 

mixed to a creamy consistency before CQ (10mg) and DMAEMA (100mg) was 
added. The mixtures were degassed for a brief period under moderate vacuum 
(70mmHg) to remove any air bubbles and samples placed in 6mm x 12mm well 
plates made of Teflon. Two glass plates were placed on either side of the Teflon 

25 block, clamped and the polymer samples in the wells irradiated with blue light for 
2-3 minutes. Upon completion of irradiation the samples were left in the mould 
for 24 hours. Removed the samples from the mould and further cured using blue 
light to ensure complete curing. The mechanical properties of the resultant 
structures are described in Table 3. 

30 Example 20 

ELDI (4.70g) was added to a solution of four arm -po!y{D/L-iactic acid-co- 
glycolic acid, 3:1) (6.1 8g, Mn 1228) in dichloromethane (2mL). The mixture 
allowed to stir for 12 hours. 
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Pentaerythritol triacrylate (5.98g) and BHT (6mg) added. The mixture was 
allowed to stir for 12 hours and the solvent reduced under high vacuum before 
use. 

TCP-20: The pre-polymer (5.079g) and fMricalcium phosphate (TCP) 
5 (1.015g) was weighed in to small beaker and mixed to a creamy consistency 
before CQ (~15mg) and DMAEMA (~30mg) was added. The mixtures were 
degassed for a brief period under moderate vacuum (70mmHg) to remove any air 
bubbles and samples placed in 6mm x 12mm well plates made of Teflon. Two 
glass plates were placed on either side of the Teflon block, clamped and the 

10 polymer samples in the wells irradiated with blue light for 2-3 minutes. Upon 
completion of irradiation the samples were left in the mould for 24 hours. 
Removed the samples from the mould and further cured using blue light to ensure 
complete curing. The sample specimens were conditioned at ambient 
temperature for 7 days before testing for mechanical properties. The mechanical 

1 5 properties are described in Table 3. 
Example 21 

ELDI (4.74g) was added to a solution of four arm -po!y(D/L-lactic acid-co- 
glycolic acid) (6.576g, Mn 1228) in dichloromethane (2mL). The mixture allowed 
to stir for 12 hours. 

20 Pentaerythritol triacrylate (6.20g) and BHT (6mg) added. The mixture was 

allowed to stir for 12 hours and the solvent reduced under high vacuum before 
use. 

TCP-20: The pre-polymer (5.043g) and p-tricalcium phosphate (TCP) 
(1.008g) was weighed in to small beaker and mixed to a creamy consistency 

25 before CQ (~15mg) and DMAEMA (~30mg) was added. The mixtures were 
degassed for a brief period under moderate vacuum (70mmHg) to remove any air 
bubbles and samples placed in 6mm x 12mm well plates made of Teflon. Two 
glass plates were placed on either side of the Teflon block, clamped and the 
polymer samples in the wells irradiated with blue light for 2-3 minutes. Upon 

30 completion of irradiation the samples were left in the mould for 24 hours. 
Removed the samples from the mould and further cured using biue light to ensure 
complete curing. The sample specimens were conditioned at ambient 
temperature for 7 days before testing for mechanical properties. The mechanical 
properties are described lr. fable 3. 
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Table 3: Mechanical properties of polymer compositions prepared 
according to examples 17-21. 



Sample code 


Ultimate 
Compression 
Strength (MPa) 


Compression 
Strength @ 
Yield Point 
(MPa) 


Compression 
Modulus (GPa) 


Fomiulation/comments 


Example 17 
No Filler 


60±10 


32±1 


0.9±0.2 


PLA (900), PET A/No 
filler 


Example 17 
TCP-20 


65±10 


55±10 


2.1±0.5 


PLA (900), PETA, TCP 
(20%) 


Example 17 
HA-20 


61 ±9 


32±5 


1.1*0.1 


PLA (900), PETA, HA 
(20%) 


Example 18 
No Filler 


38±10 


33±7 


1.1±0.3 


PLA (900), GDA. no 
filler 


Example 18 
HA-10 


44±8 


43±6 


1.3±0.3 


PLA(900), GDA. HA 
(10%) 


Example 1 9 
No Filler 




59±3 


26±2 (MPa) 


PJLA-GA, 3:1](4000), 
GDA 


Example 20 
TCP-20 


83±10 


32±8 


1.8±0.3 


P(LA:GA, 3:1] (1228); 
PETA, TCP(20%) 


Example 21 
TCP-20 


76.0±0.2 


32±6 


1.6±0.1 


P(LA:G A, 1:1](1228); 
PETA. TCP (20%) 



5 Example 22 

Preparation of polymer: ELDI (12.43g) was added to linear poly(glycolic 
acid) (10.3g, Mn 411) in a round bottom flask. Stannous 2-ethyl hexanoate 
(22mg, 0.1 %) was added and the mixture allowed to stir for 24 hours. 

Part of the above reaction mixture (10.37g) was placed in a beaker, 
10 Glycerol diacrylate (1.37g), camphoquinone (23.5mg f 0.2%), DMAEMA (47mg, 
0.4%) an gelatine beads dispersed in water (2.4g f 20%) added, and BHT (38mg) 
added. The compositin was mixed thoroughly before cured. Samples were 
placed in 6mm (D) x 12mm (H) well plates made of Teflon, glass plates placed on 
either side, clamped and the samples irradiated with blue light for 2-3 minutes. 
15 Upon completion of irradiation the samples were left in the mould for 24 hours. 

The samples were removed from the mould and further cured using blue 
light to ensure complete curirg. 
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Example 23 

The use of sulphur analogs of methyl or ethyl lysine diioscyanate in place 
of or in addition to any other isocyanates described herein is expected to result in 
polymer compositions in accordance with the examples described above. 
Possible analogs are: 

CO2C2H5 




OCN ^^^^ NCO SCN ^^^^ NCO 

ethyl lysine diisocyanate (ELDI) elh yl 2-thio-6-diisocyanato hexanoate 




OCN' 

ethyl 6-thio-2-diisocyanato hexanoate 




SCN' 

ethyl lysine dithio diisocyanate 



OCN^° 

6 0 
Isocyanato ethyl methacrylate (IEM) thioisocyanato ethyl methacrylate (IEM) 

For example, pentaerythritol triacrylate when added to ethyl lysine dithio 
diioscyanate, is expected to result in the thio variant of the base molecule below. 
Upon addition of this base molecule to any linker polyol, the link is expected to 
10 result in thiourethane functionality. 
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The compositions of the invention in their most preferred embodiment use 
free radical polymerisation of ethylenically unsaturated end groups attached to 
the prepolymers to form a cross linked network. Porus and non-porus polymers 
5 have been formed following the application of electromagnetic radiation in both 
visible (blue light - 440nm) and UV regions, for short periods. The non-cross 
linked prepolymers prepared are low molecular weight liquids, injectable through 
an 18 gauge needle and may be cross linked on demand under wet conditions. 
The prepolymers designed may be biodegradable. 
10 It will be appreciated that the invention is not limited to the examples which 

are merely illustrative. Other polymer compositions not specifically exemplified 
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but falling within the spirit of the invention are considered within the scope of the 
invention. 



